Previous studies have shown that observing another's pain can evoke other-oriented emotions, which instigate empathic concern for another's needs. It is not clear whether experiencing first-hand physical pain may also evoke other-oriented emotion and thus influence people's moral judgment. Based on the embodied simulation literature and neuroimaging evidence, the present research tested the idea that participants who experienced physical pain would be more sympathetic in their moral judgments. Study 1 showed that ice-induced physical pain facilitated higher self-assessments of empathy, which motivated participants to be more sympathetic in their moral judgments. Study 2 confirmed findings in study 1 and also showed that State Perspective Taking subscale of the State Empathy Scale mediated the effects of physical pain on moral judgment. These results provide support for embodied view of morality and for the view that pain can serve a positive psychosocial function.
Introduction
Pain is defined as "an unpleasant sensory and emotional experience arising from actual or potential tissue damage or described in terms of such damage" [1] .Traditionally, scholars tended to regard pain as a form of negative emotion, associated it with such phenomena as harm and illness. Recent studies suggested that pain can also have positive psychosocial functions: Perception of pain can evoke other-oriented affection [2] , motivate people to help others, promote interpersonal trust, and increase cooperation in public goods game [3] and acceptance rate in an ultimatum game [4] . Drawing on evidence from a range of academic fields, Bastian et al. [5] concluded that pain has positive psychosocial functions in terms of facilitating pleasure, augmenting self-regulation, and enhancing interpersonal connection.
Among these positive functions of pain, empathy plays an important role in influencing observers' helping behaviors [6] . The empathy-altruism hypothesis has been supported by previous studies [7] [8] [9] . With respect to the neurological mechanisms underlying empathy, several neuroimaging studies showed that paying attention to others in pain activated neural structures that overlap those involved in the direct experience of pain, including the anterior insula (AI) and anterior cingulate cortex (ACC), adjacent inferior frontal cortex [10] [11] [12] , resulting in shared representations between self and target persons [13] . Recently, numbers of researches showed that empathy is often connected with broader neural regions including the brainstem, amygdala, hypothalamus, striatum, insula, anterior cingulate cortex, orbitofrontal cortex, parasympathetic and sympathetic branches [14] [15] [16] , as well as being associated to somatosensory cortex [17] [18] [19] [20] [21] . These neuroimaging findings implied that experiencing personal pain could also activate relevant neural substrates, facilitating people's understanding of others' pain. However, some other findings suggested that indirect pain representations (as elicited by the observation of pain in others) and the actual experiences of pain can be qualitatively different [11, 22] .
Though it is far from clear whether experiencing first-hand physical pain would instigate empathic concern for others, embodied simulation studies suggest that empathy for others' pain hinges largely on an observer's own emotional and sensory experiences [23, 24] . Neuroscientists believe internal simulation to be the mechanism underlying linkages between one's own personal feelings and another's experiences, and mirror neuron systems are believed to be the basis of such shared representation [25] [26] [27] . A number of studies provided evidence for the role of embodied simulation in shaping empathy. For instance, the ability to understand pain or distress in others was found to rely on personal body-related experiences [28] , particularly prior pain experiences which lead to more readily elicited empathic responses [29, 30] . Recent evidence showed that sensorimotor cortex is activated in the embodied condition (such as touch) and is associated with the empathy [31, 32] .These evidence is believed to be associated with a pattern of activity in brain embodying observers' own states [33] .
To summarize, prior work suggests that feelings of physical pain, empathy, and prosocial behaviors could be positively correlated, and that first-hand pain could be one important basis of helping people understand others in pain, thus affecting people's judgment of another's behaviors.
Although empathy for people in pain has been widely studied, to our best knowledge, few studies have addressed the role of pain-evoked empathy in moral judgment. Based on the aforementioned evidence, we argued that first-hand experience of physical pain facilitates people's understanding of similar experience of others. Therefore, we predicted that participants who experienced physical pain would be more sympathetic in judging moral dilemmas, and that empathy would mediate the effect of physical pain on moral judgment.
Study 1

Materials and methods
Participants. One hundred and thirty-one undergraduate students (67 males, 64 females; M age = 19.26 years, SD = 1.16) at a Chinese university voluntarily participated in this experiment. Each participant was paid 5 RMB for participation. The study employed a 2 (pain manipulation: pain vs. no pain) x 2 (moral scenario: pain cue vs. no pain cue) between-subjects design. Participants were randomly assigned to one of four conditions-66 in the pain group (13 girls and 21 boys in the pain cue condition, M age = 19.05; 16 girls and 16 boys in the no pain cue condition, M age = 19.44), and 65 in the no pain group (19 boys and 15 girls in the pain cue condition, M age = 19.88; 16 boys and 15 girls in the no pain cue condition, M age = 18.74). Participants were informed that the study was about temperature perception and were given their written consent after they understood the protocol and agreed to participate in the experiment. The experiment was approved by the Chongqing University of Arts and Sciences institutional review board and ethics committee.
Procedure and measures
Pain manipulation. Following Bastian et al. [34] , participants in the pain condition were instructed to immerse their non-dominant hand up to the wrist in a bucket of icy water (0°C-2°C) as long as possible, while participants in the no pain condition were instructed to immerse their non-dominant hand in a bucket of warm water (approximately 30°C) for 90 seconds.
To check the effectiveness of our physical pain manipulation, a numerical pain rating scale (NRS-10) was used to measure participants' feelings of physical pain after the manipulation. The NRS-10 was developed based on a scale originally developed by Scott and colleges [35] . Participants were instructed to indicate the number that best represents their feelings of pain from 0 to 10 (0 represents no pain, 5 represents moderate pain, and 10 represents extreme pain). Empirical studies have demonstrated that the NRS-10 has good sensitivity and generates useful data for clinical applications and research [36, 37] .
Measures. Immediately after the pain manipulation, participants were instructed to complete a package of questionnaires to measure their emotions, empathy, and moral judgment.
Emotion measure: The Chinese version of the Positive and Negative Affect Scale (C-PANAS) was used to measure positive and negative emotions in our experiment. The C-PANAS was revised by Qiu, Zheng [38] based on the original PANAS developed by Clark Watson [39] . The C-PANAS has been validated as a good measure of self-reported affective experience among Chinese individuals.
Empathy measure: The Interpersonal Reactivity Index (IRI) is a well-validated measure of dispositional empathy. The Chinese version of the Interpersonal Reactivity Index (C-IRI) is designed to measure participants' degree of empathetic concern. The C-IRI was revised by Rong, Sun [40] based on the original IRI developed by Davis [41] . The C-IRI involves four subscales, Fantasy (FS), Empathic Concern (EC), Perspective Taking (PT), and Personal Distress (PD). Following existing study [42] , we only used the EC, PT, and PD subscales to assess participants' pain-evoked empathy. EC measures emotional aspect of empathy as it relates to the affective experience of feeling compassion for others' misfortune (sample item: "When seeing those who are hurt or struggling, I really want to help them."); PT assesses the cognitive component of empathy as it relates to the cognitive ability to comprehend another's point of view (sample item: "I try to look at everybody's side of a disagreement before I make a decision."); PD measures the degree to which one feels anxiety or discomfort viewing others' anguish (sample item: "When I see someone who badly needs help in an emergency, I go to pieces."). C-IRI items are rated on a 5-point Likert scale, and there are seven items for each subscale. The construct reliability of C-IRI subscales ranges from .59-.75, and test-retest reliability of the subscales ranges from .59-.78. Table 1 shows the descriptive statistics of the three subscales of C-IRI used in this study. There was no negative inter-correlation between these subscales in the present sample. Following existing studies [43] [44] [45] , a total score of the three subscales was used as an indicator of trait empathy.
Moral scenarios. All participants were instructed to read one of two versions of a moral dilemma. The moral dilemmas included in the questionnaire package were "Heinz Steals the Drug" and its revised version. The "Heinz Steals the Drug" story involves two moral stances: one endorses Heinz who steals drugs to save his ill wife, with such stance representing empathy-orientated compassion; the other does not endorse Heinz' conduct and it represents laworientated fairness.
Moreover, studies indicate that empathic caring can result from participants' attentional bias toward the whole state of pain or distress, rather than specific pain cues [28] . Thus, we included a manipulation of such information (pain cue vs. no pain cue) in moral dilemmas, aiming at disentangling whether the effect of physical pain on moral judgment is due to attentional bias toward specific pain cues or the whole "in need of help" state in such scenarios. More specifically, in the revised version of the "Heinz Steals the Drug" story, we controlled the pain cue by changing the description "a woman suffering from a special kind of cancer, involving great pain" into "a woman suffering a strange illnesses without feelings of pain but involving death in the near future"(see brackets in the moral scenario below). After reading the moral scenarios, participants judged to what extent Heinz's conduct was moral or immoral by responding on a 5-point Likert scale, where 1 represents completely immoral, and 5 represents completely moral. Participants' responses to the two moral dilemmas were averaged as an index of their "moral judgment".
"In Europe, a woman was suffering from a special kind of cancer, with great pain (suffering from a strange illness, without any pain, but involving death in the near future).There was one drug that the doctors thought might save her. It was a form of radium that a druggist in the same town had recently discovered. The drug was expensive to make, but the druggist was charging ten times what the drug cost him to make. He paid $200 for the radium and charged $2,000 for a small dose of the drug. The sick woman's husband, Heinz, went to everyone he knew to borrow the money, but he could only get together about $ 1,000, which is half of what the drug cost. He told the druggist that his wife was in great pain and asked him to sell it cheaper or to let him pay later. But the druggist said: "No, I discovered the drug and I'm going to make money from it." So Heinz got desperate and broke into the man's store to steal the drug for his wife. How moral or immoral was it for Heinz to steal the pharmacist's drug?"
Results
Manipulation check. Three participants were excluded from data analysis because they did not follow research assistant's instruction to fully submerge their hand in the ice bucket. We first compared pain ratings between the control (n = 65) and pain (n = 63) conditions. An independent sample t-test showed that the pain ratings were significantly different across the two conditions (t (126) = 19.94, p < .001; pain: M = 6.22, SD = 1.72; control: M = .91, SD = 1.27). This analysis showed that our pain manipulation was a valid means to induce genuine bodily pain. We also employed the PANAS to measure participants' emotional arousal after the physical pain manipulation. The difference in terms of emotional arousal between pain and no pain conditions was not significant (for the PA subscale, t (126) = 1.47, p > .05, pain: M = 2.58, SD = .86; control: M = 2.35, SD = .92; for the NA subscale, t(126) = .93, p > .05, pain: M = 1.33, SD = .42; control: M = 1.263, SD = .41), thus ruling out the possibility of the effects of positive/negative emotion on participants' moral judgments. Tables 1 and 2 . Results of an independent sample t-test showed that empathy score in the pain condition (M = 69, SD = 6.55) was significantly higher than in the no pain condition (M = 66, SD = 6.92), t (126) = 2.25, p < .05, indicating that feeling physical pain enhanced participants' self-assessments of empathy.
An analysis of variance (ANOVA) on moral judgment revealed a main effect of pain on moral judgment, F (1, 124) = 5.08, p = .03, η p 2 = .04, suggesting that participants in the pain condition were more tolerant of Heinz's behavior than those in the no pain condition (see Fig  1) . However, we did not observe a significant main effect of moral scenario, F (1, 124) = .003, p > .05, η p 2 = .00, nor did we observe a significant interaction between pain manipulation and moral scenario, F (1, 124) = 1.44, p = .23, η p 2 = .01.
In addition, we found that the pain, empathy, and moral judgments were significantly correlated with one another (see Table 1 ). Combined with the above hypothesis, this finding implied that the impact of pain on moral judgment might be mediated by empathy. Thus, we performed a mediation analysis following the bootstrapping procedures outlined by Preacher and Hayes [46] . The results showed that pain had a statistically significant effect on empathy (b = .22, SE = .20, p = .01), which, in turn, significantly affected moral judgment (b = .22, SE = .01, p = .02). The bootstrap analysis (with 5,000 iterations) showed that the 95% bias-corrected confidence interval for the size of the indirect effect excluded zero [.0004, .0345], indicating that the indirect effect through empathy was significant. Moreover, the direct effect of physical pain on moral judgment was non-significantly reduced (b = .08, SE = .02, p < .001) (see Fig 2) . We also performed mediation analysis separately considering each C-IRI subscale, but unfortunately we did not get the separate mediation effect.
Study 2
Study 1 shows that ice-induced physical pain facilitated self-assessments of empathy, which motivated participants to be more sympathetic in their moral judgments. This finding also suggested that empathy invoked by seeing others' pain can be modulated by trait-differences in empathy. In Study 1, we randomly assigned participants to the four experimental conditions, however, we could not rule out the possibility that participants that were assigned to the physical pain condition happened to be higher in trait empathy. In order to control for individual differences in trait empathy, we conducted a second study in which we measured participants' trait empathy and state empathy respectively before and after experimental manipulations.
Materials and methods
Participants. Undergraduate students (N = 120, 47 men and 73 women; M age = 20.03 years, SD = 1.46) at a Chinese university voluntarily participated in this experiment. Each participant was paid 5 RMB (approximately US$ 0.81) for taking part in the study. This study used a 2 (pain manipulation: pain vs. no pain) x 2 (moral scenario: pain cue vs. no pain cue) between-subjects design. Participants were randomly assigned to one of the four conditions. There were 60 participants in the pain group (14 men and 16 women in the pain cue condition, M age = 20.23 years; 9 men and 21 women in the no pain cue condition, M age = 20.13 years), and 60 participants in the no pain group (12 men and 18 women in the pain cue condition, M age = 20.16 years; 12 men and 18 women in the no pain cue condition, M age = 19.66 years). Participants were informed that the study was about temperature perception. All participants gave their written consent to participate in the study, after the protocol of the study was explained to them.
Pain manipulation and moral scenarios used in this study were identical to those used in the Study 1. In Study 2, participants also responded to trait empathy and state empathy scale.
Trait empathy measure: Before the physical pain manipulation, all participants were required to respond to the Basic Empathy Scale (BES), which was used to measure their propensity for trait empathy. This scale was revised by Xia [47] based on the original EBS developed by Jolliffe et al. [48] . The BES assesses two dimensions: cognitive empathy (CE) and affective empathy (AE). The Cronbach's alphas of the BES are .72 (CE) and .73 (AE), and that the test-retest reliability of the subscales are .60 (CE) and .71 (AE).
State empathy measure: Immediately after the pain manipulation, participants were instructed to complete a state empathy scale. We reasoned that a measure of state empathy might capture participants' empathic reactions toward situational cues better [49] . Thus, following Trobst et al. [42] , we developed a state empathy scale (SES) by incorporating all the three dimensions of C-IRI used in Study 1 (EC, PT, and PD). We developed two questions for each of the three dimensions of C-IRI: two items assessed state empathic concern (SEC) The Cronbach's alphas of the subscales were .79 (SES), .73 (SCE), .73 (SED), and .50 (SPD). There was no negative inter-correlation between SEC, SPD, and SPT subscales of the SES. Thus following previous studies [43, 45] , the total scores for these three subscales was computed as an indicator of state empathy.
Results
Manipulation check. A manipulation check was conducted to ascertain whether participants in the experimental and control groups were similar in terms of trait empathy. Our analysis showed that participants in the pain group (M = 47.13, SD = 3.46) and control group (M = 46.53, SD = 3.95) were not significantly different in trait empathy, t (118) = 0.89, p > .05. We also checked the effectiveness of the physical pain manipulation, and results showed that participants' pain ratings in the pain group (M = 5.82, SD = 1.62) was significantly higher than that in the control group (M = 1.05, SD = 1.31), t (118) = 17.31, p < .001.
Hypothesis testing. Descriptive statistics and correlation analysis results are shown in Table 3 . An independent sample t-test showed that SES in the pain group (M = 29.23, SD = 5.34) was significantly higher than that in the control group (M = 25.98, SD = 5.51), t (118) = 3.28, p < .05, indicating that feeling physical pain enhanced participants' self-assessments of state empathy. An analysis of variance (ANOVA) on moral judgment revealed a main effect of pain on moral judgment, F (1, 116) = 27.87, p < .001, η p 2 = .19, suggesting that participants in the pain condition were more tolerant of Heinz's behavior than those in the no pain condition (see Fig 3) . However, we did not observe a significant main effect of moral scenario, F (1, 116) = 1.16, p > .05, η p 2 = .01, nor did we observe a significant interaction effect between pain manipulation and moral scenario, F (1, 116) = 3.09, p > .05, η p 2 = .03.
In addition, following the procedures outlined by Preacher and Hayes [46] , we conducted mediation analyses with SES and the three subscale scores (SEC, SPD, and SPT) as mediators. The results showed that only the SPT score significantly mediated pain and moral judgment. Pain had a statistically significant effect on SPT (b = .19, SE = .007, p = .008), which, in turn, significantly affected moral judgment (b = .07, SE = .03, p = .001). The bootstrap analysis (with 5,000 iterations) showed that the 95% bias-corrected confidence interval for the size of the indirect effect excluded zero [.0001, .0431]. The direct effect of physical pain on moral judgment was non-significantly reduced (b = .14, SE = .02, p < .001) (see Fig 4) .
Discussion
Many studies have demonstrated that bodily states affect social cognition [50, 51] , including moral judgments [52, 53] , and a voluminous studies have addressed the relationship between pain and empathy [13, 54] , but few studies have focused on the influence of pain and painevoked empathy on moral judgments. Crockett and colleagues interestingly showed that participants who suffered painful electric shock evaluated others' pain more intense than their own pain and they paid more money to reduce others' pain [55] . The present study further explored how experiencing physical pain influences people's moral judgments. We showed that experiencing physical pain induced participants to be more sympathetic in their moral judgments. Our findings provided support for embodied view of morality and Bastian and colleagues' positive-functional view of pain [5] .
Consistent with the "shared representation" and the "embodied simulation" accounts of the pain-empathy relationship, results from our two studies indicated that personal pain may facilitate people's understanding of another individual's pain or suffering. Thus, the perception of personal pain could be an important factor influencing people's interpersonal interactions [56] , because feeling pain might prepare an individual to take others' perspectives and feel their experiences, thus affecting people's judgment about their conduct. The correlational analyses showed that the PT subscale of the C-IRI (in study 1) and the SPT of the SES (in study 2) were significantly correlated with both feelings of physical pain and moral judgments (see Tables 1  and 2 ). Moreover, Study 2 also showed that the SPT significantly mediated the relationship between pain and moral judgment. These results were consistent with previous studies suggesting that perspective-taking can evoke helping behavior [57] [58] [59] , and moral judgment [60, 61] .
Our analysis in Study 2 did not indicate that SES significantly mediated the relationship between physical pain and moral judgment, but only indicated the significant mediating role of SPT subscale. In certain ways, the incongruity between the two studies in our research is not surprising, since the C-IRI subscales used in Study 1 measures trait empathy, whereas the SES subscales used in Study 2 measures state empathy (i.e., empathetic reaction to situational cues). The state empathy measure is designed to capture situation-evoked empathic responses and therefore, it could be more variable across situations and measures [62] and more accurate in predicting other psychological phenomena in specific situations [49] . Situational cues might invoke cognitive and emotional systems of empathy that are underpinned by specific neural systems [63, 64] . Researches have demonstrated that the experience of pain enables people to imagine the feelings of a person experiencing the same pain stimulus (i.e., cognitive dimension of empathy) [65, 66] , but not the emotional dimension of empathy [66] . In line with this finding, the results of Study 2 showed that the SPT (cognitive dimension of empathy), but not SPD, or SEC (emotional dimension of empathy), significantly mediated the relationship between pain and moral judgment. The results of Study 2 suggested that each dimension of empathy measures is sensitive to different situational cues. It is suggested that further researches is needed to more precisely identify the contextual determinants of empathy [67] .
Our findings do not imply that participants' empathic caring invoked by physical pain was the result of attentional bias towards specific pain cues. The fact that the main effect of moral scenarios (pain cue vs. no pain cue) on moral judgment is not significant in both studies indicates that participants' empathic caring was the product of their processing of information about the whole situations involved in the moral scenarios.
Certain researchers have suggested that the influences of people's first-hand physical pain on social interactions might have to do with their self-centered perspective. For instance, Mancini et al. [68] showed that in the Ultimatum Game (UG), proposers who suffered laser pain decreased fair offers, whereas suffering responders increased their acceptance rate. The authors suggested that the personal experience of pain facilitates the emergence of a self-centered perspective that guides participants to maximize self-gain. Although this explanation sounds reasonable, one could also refer to literature on the psychology of power when considering the roles of responders and the proposers in the UG. The payoffs of the responders were largely determined by the proposers and therefore, such roles would evoke the feeling of powerfulness in the proposers and powerlessness in the responders [69] . It is known that powerfulness is associated with a reduced tendency to take other's perspective. Therefore, introducing physical pain could lead the proposers to associate unpleasant feeling with the bargaining relationship, thus leading to more self-centered decision, such as an increase in unfair offers. Simultaneously, physical pain could reinforce the feeling of powerlessness in responders, leading to a more obedient decision strategy when facing unfair offers, such as the increased acceptance of unfair offers. This assumption suggests that the effects of physical pain on human judgment and decision making are contingent on experimental settings. Clearly, the experimental design in Mancini et al. is different from that of the current study in that there were no monetary incentives and no role-induced feelings of power in this research. Therefore, findings of Mancini et al. do not necessarily contradict the findings of this study. It is suggested that future research should be designed to identify the moderating roles of contextual factors (e.g., participants' roles) in the effects of physical pain on people's judgment and decision making.
Finally, study 1 shows that empathy partially mediated the effects of painful feelings on moral judgment, there could be other factors implicated in this relationship. Group affiliation could reasonably exert its influence in shaping participants' moral judgment after experiencing physical pain. In accordance with the positive function of pain proposed by Bastian et al. [5] , pain experience can improve affiliation with others, and such motivation can be explained by the "tend-and-befriend hypothesis" [70] . According to this view, motivation to affiliate with others under conditions of stress is a common response in humans, because the affiliation motive under such negative situations as experiencing pain appears to constitute an evolutionarily stable instinct. Future studies could obtain clearer evidence regarding the determining role of empathy or a group affiliation motive in shaping people's moral judgments when they are experiencing pain.
Conclusion
In summary, the results of two studies showed that ice-induced physical pain can induce a person to be more sympathetic in a moral judgment, and that self-assessment of trait empathy (in study 1) and state perspective taking of State Empathy Scale (in study 2) mediated the effects of painful feelings on moral judgment. Our findings provide support for embodied view of morality and the view that pain can serve a positive psychosocial function. 
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